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The right gastroepiploic artery (GEA) has emerged as a 
suitable and reliable arterial conduit for coronary 
artery bypass grafting (CABG) in the past 10 
In recent reports,"6 operative mortality in CABG with 
the GEA graft is 0.4% to 3.3%, indicating that there is 
no increase in perioperative risk with use of the GEA 
graft. In our 10-year experience with the GEA graft in 
612 patients, early mortality was 2.1%, and the patency 
rate of the in situ GEA graft was 96% in 365 grafts at 
early restudy (2 months) and 92% in 62 grafts at late (2 
years) restudy. The free GEA graft is less favorable 
than the in situ graft because of the requisite proximal 
anastomosis and lower patency rate (80% in 15 grafts in 
our series). 
Histologically, the GEA is of the muscular type and 
contains many smooth muscle cells in the media, similar 
to the inferior epigastric or the radial artery, whereas 
the internal thoracic artery (ITA) is of the elastic type 
with rich elastic fibers in the media. The incidence of 
arteriosclerosis in the GEA is low. Based on GEA 
angiograms, wall irregularity or stenotic lesions are 
rare. In the 63 operative specimens of the GEA used for 
CABG, normal to mild intimal thickening was found in 
92% and moderate to severe change was found in 8% of 
patients who had severe coronary artery d i ~ e a s e . ~  
However, compared with the ITA, the number of 
internal elastic lamellae is less and the number of 
defects in the internal elastic lamina is slightly higher in 
the GEA. Therefore, the GEA may be less protected 
from arteriosclerosis than the ITA.8 
Although this conduit is effective for performing 
complete revascularization with multiarterial conduits 
combined with the ITA or other arterial grafts, the in 
situ GEA graft is extremely useful for the patient at 
coronary artery reoperation or  the patient with a 
diseased ascending aorta. At reoperation, the GEA can 
be easily prepared before sternal re-entry, whereas the 
ITA requires sternotomy for its harvest. In addition, 
there are usually no abdominal adhesions. CABG in 
patients with atherosclerotic ascending aorta is becom- 
ing one of the major problems in cardiac surgery 
because of the difficulty in proximal anastomosis of the 
saphenous vein graft and the risk of aortic dissection 
and cerebral embolism caused by intimal crush by the 
aortic clamp.' To avoid these difficulties and dangers, 
CABG performed without manipulating the ascending 
aorta is the best solution.'" The aortic no-touch tech- 
nique consists of the following: ( I )  maximal use of in situ 
arterial grafts with the ITA and GEA to eliminate 
proximal anastomosis; (2) hypothermic fibrillatory ar- 
rest without aortic cross-clamp during distal anastomo- 
sis; and (3) femoral artery perfusion for cardiopulmo- 
nary bypass (Fig 1). 
In  this article, the surgical procedure for CABG using 
the GEA and bilateral ITA grafts with aortic no-touch 
technique is described. 
SURGICAL TECHNIQUE 
Case 
A 71-year-old man with stable angina had a triple-vessel 
disease and severely calcified ascending aorta. Calcifica- 
tion was noted in the entire ascending aorta as shown by 
the computed tomography (CT) scan (Fig 2). The 
ejection fraction was 0.51. No diabetes, peripheral 
vascular disease, or  mild hypertension were noted. 
Preoperative celiac angiography showed the GEA to be 
in good quality (Fig 3). Although we do not routinely 
request preoperative abdominal angiography, evalua- 
tion of the GEA is necessary before surgery in this 
situation. 
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2 CT of the chest of a 71-year-old man with severe 
coronary artery disease and a calcified ascending aorta. 
1 Scheme of the aortic no-touch technique by using triple 
in situ arterial conduits. (Reprinted with permission from the 
Society of Thoracic Surgeons [The Annals of Thoracic 
Surgery, 1989, vol. 48, pp 728-7301) 
3 
showing a patient GEA of good diameter. 
Preoperative selective angiography of the celiac axis 
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4 After midsternal incision, the left and right ITAs are taken down sequentially. I prefer to dissect the ITA as a thin pedicle 
without fascia but with associated veins, namely semiskeltonization, so that a significant additional length can be gained. The 
duration of ITA harvest is shorter than with total skeltonization and the ITA is easier to hold than a totally naked graft during 
the anastomosis. First, the fascia is incised medial to the ITA. No lateral incision (“railroad tracks”) is made. (A) Side branches 
are divided with clips and electrocautery in the usual fashion. (B) Finally, the ITA pedicle with the veins and some fatty tissue is 
separated sharply from the fascia with scissors, (C). 
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4c During this procedure, the femoral artery is exposed by the other surgeon. 
5 Then the peritoneum is opened through the 
midline skin incision, which is just 5 cm longer 
than the ordinary midsternal incision. 
GASTROEPIPLOIC ARTERY GRAFT 189 
6 The stomach is laid out and the GEA is evaluated 
by gentle palpation before adding any manipulation 
that may cause spasm to this artery so that the size and 
usable length of the GEA can be estimated. 
7 The GEA is detached from the omentum by using an 
electrocautery or clip from the pyloric region to the distal two 
thirds of the stomach. Omental side branches are usually small 
and rare; therefore, the dissection is easy. 
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8 After the GEA is freed from 
the onientum, the branches to the 
stomach are rarefully divided by 
using an Absolork clip (Johnson & 
Johnson, New Brunswick, NJ) or 
silk ligation. Incomplete ligation 
makes an ugly hematoma in the 
GEA pedicle. 
9 The GEA is detached from the stomach as long as possible, according to the primary estimation. 
Afterwards, the GEA pedicle can he shortened to the appropriate length, but it is impossible to 
adjust the length if it is too short at  the beginning of the procedure. There is no concern about gastric 
ischemia as a result of detachment of the GEA." 
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Stomach 
10 The proximal dissection should be lim- 
ited to the lower margin of the pylorus to avoid 
unnecessary trauma to the superior pancreati- 
coduodenal artery. The GEA is a branch of the 
gastroduodenal artery that arises from the 
common hepatic artery. The GEA runs poste- 
rior to the duodenum, where the GEA bifur- 
cates the superior pancreaticoduodenal artery, 
and then along the greater curvature of the 
stomach. GDA, gastroduodenal artery; SPDA, 
superior pancreaticoduodenal artery; R(L)GEA, 
right (left) gastroepiploic artery; SA, splenic 
artery. (Reprinted with permission from Suma 
H: Newer arterial coronary bypass conduits: 
Right gastroepiploic and epigastric artery, in 
Liischer, Turina, Braunwald (Eds): Coronary 
Ar tery  Graf t  Disease.  Berlin, Germany, 
Springer-Verlag, 1994, pp 70-83) 
sp DA 
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cut A GEA 
- 1  
B No proximal clamp 
C GEA dilates with 
own perfusion 
D 
1 1 When the dissection of these triple arterial grafts has 
been completed, cannulation for cardiopulmonary bypass is 
made to the femoral artery and the right atrium-inferior 
vena cava, respectively, under the systemic heparinization. 
All three arteries are then divided distally, and diluted 
papaverine (40 mg in 10 mL of physiological saline) is injected 
into the lumen to relieve spasm. Papaverine is injected 
without proximal clamping of the graft, and the distal end is 
clamped so that the artery is dilated by the pharmacological 
effect and physiological blood pressure without intimal dam- 
age by excessive hydrostatic pressure. This is particularly 
important to the GEA because there is usually significant 
spasm caused by the manipulation during dissection. When 
an increase of pulsation and diameter of the artery is 
recognized, the proper length of the pedicle to the target 
coronary artery is estimated and the distal portion of the 
arterial graft is trimmed for the anastomosis. (Reprinted with 
permission from Suma H: The right gastroepiploic artery 
graft, in Grooters, Nishida (Eds): Alternative Bypass Con- 
duits and Methods for Surgical Coronary Revascularization. 
New York, NY, Futura, 1994, pp 47-71) 
12 Cardiopulmonary bypass is then instituted and the 
body is cooled down to 25°C rectal temperature with left 
ventricular venting through the right superior pulmonary 
vein. When the heart is fibrillated and optimal hypothermia 
is obtained, the graft to the coronary artery anastomosis is 
made under circulatory arrest. Left ventricular venting is not 
necessary during circulatory arrest. The duration of the 
anastomosis is usually around 10 minutes. Circulatory arrest 
for about 10 minutes at  25°C hypothermia is known to be 
highly safe without structural or functional damage to the 
central nervous system and other vital organs.” After comple- 
tion of one anastomosis, full perfusion is restored for a few 
minutes to check for anastomotic leakage and to provide 
cerebral circulation. The next anastomosis is then performed 
under another period of circulatory arrest. In the case of 
triple in-situ arterial grafting, I generally use the right ITA to 
the anterior descending artery, the left ITA to the circumflex 
artery, and the GEA to the right coronary artery (Fig 1). I 
have tried to use the right ITA to the circumflex artery 
through the transverse sinus when the right ITA was long 
enough, but it is not a routine procedure in my practice. After 
the left ITA to the circumflex artery anastomosis and the 
right ITA to the anterior descending artery, the GEA is 
anastomosed to the posterior descending artery. The GEA 
graft is located in front of the stomach and the liver; it passes 
through the diaphragm via a hole made by electrocautery and 
is fixed to the anterior margin of the diaphragm (anterior 
route). When the surgeon prefers the posterior route tech- 
nique, in which the GEA pedicle is located behind the liver 
and the stomach, the hole in the diaphragm should not be too 
large because diaphragmatic hernia may occur. 13*14 (Re- 
printed with permission from Suma H: The right gastroepi- 
ploic artery graft, in Grooters, Nishida (Eds): Alternative 
Bypass Conduits and Methods for Surgical Coronary Revas- 
cularization. New York, M I ,  Futura, 1994, pp 47-71) 
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13 The graft-coronary anastomosis is made by a single 
continuous 7-0 or 8-0 polypropylene suture. Antegrade 
anastomosis, placing the heel of the graft on the proximal 
aspect of the coronary arteriotomy, is appropriate when the 
target is the low main right coronary, posterior descending, 
or circumflrx artery. However, retrograde anastomosis is 
preferable if the anterior descending or high main right 
coronary artery is to be hypassed with the in situ GEA graft. 
(A) After placing a few running sutures between the heel of 
the GEA and the proximal part of coronary arteriotomy, the 
GEA is approximated to the coronary artery by pulling the 
stitch; (B) the suture continues up to three fourths of the 
circumference. (C) After probing, the remaining one fourth is 
closed with the other end of the stitch. PDA, posterior 
descending artery; RCA, right coronary artery; GEA, gastro- 
epiploic artery. 
14 After the anastomosis is completed, the GEA pedicle is 
properly fixed to the epicardium at the perianastomotic site 
to avoid kinking caused by too close fixation (above) or 
twisting caused by rotation before fixation (below) of the 
distal GEA. (Reprinted with permission from Suma H: The 
right gastroepiploic artery graft, in Grooters, Nishida (Eds): 
Alternative Bypass Conduits and Methods for Surgical Coro- 
nary Revascularization. New York, Mi, Futura, 1994, pp 
47-71) 
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I6 The patient was easily weaned from cardiopulmonary 
bypass, and postoperative course was uneventful, without 
signs of stroke. Postoperative angiography revealed widely 
patent triple arterial conduits. 
postop. 1 year 
15 
defibrillated. 
Finally, the body is warmed up and the heart is 
COMMENTS 
Current enthusiasm for arterial conduits has brought 
us to use several arterial grafts for complex myocardial 
revascularization. In the late 1960s, the GEA was used 
for indirect myocardial revascularization (Vineberg’s 
operation) by Bailey et al,15 and eventually direct 
anastomosis to the right coronary artery was tried by 
Sterling Edwards in 1973.16 In 1984, John Pym started 
the systematic use of GEA-coronary anastomosis. Since 
the clinical reports of successful GEA grafts by Pym,17 
Sums,'* Carter,” and their colleagues in 1987, this 
particular conduit has received keen attention, and 
basic investigation and clinical application has ex- 
panded. Over its 10-year history, the GEA graft has 
become the second-best conduit for CABG, next to the 
ITA. 
In our 10-year experience with 612 patients since 
1986, there were 506 men and 106 women with a mean 
age of 60 years, ranging from 6 to 80 years old. The sites 
of GEA grafting were 62 anterior descending, 7 diago- 
nal, 118 circumflex, and 446 right coronary arteries. 
There were 13 early deaths (2.1%) and 32 late deaths 
(5.2%). New Q wave was noted in 7 patients (1.5%). 
The patency rate of the in situ GEA graft was 96% in 
365 grafts at early postoperative period (2 months) and 
92% in 62 grafts at late restudy (2 years up to 10 years). 
The free GEA graft has been less commonly used in 
our practice; its patency rate was 80% in 15 grafts at 
early postoperative period. Durability of the free GEA 
graft has not been investigated sufficiently yet; most 
cardiac surgeons prefer the in situ graft whenever 
available because of avoidable proximal anastomosis 
and concerns for spasm and intimal hyperplasia that 
are thought to be more likely to occur when the free 
graft is anastomosed to the ascending aorta and is 
exposed to higher hemodynamic stress by sharper rise 
of systolic pressure. 
Indications of the GEA graft still remain obscure. 
Some are aggressive and others are conservative, as is 
generally seen in various surgical procedures. However, 
we now know that the use of this graft does not increase 
perioperative risk in CABG. Mortality and morbidity 
rates are as low as in CABG without GEA, and the 
duration of surgery and intensive care stay is not 
excessively prolonged if properly managed. 
Combined cardiac or noncardiac procedure, low 
ejection fraction, and left main disease are not contrain- 
dications. In  patients with diabetes, a combination of 
the left ITA and GEA is preferable to bilateral ITAs to 
avoid sternal wound problems. When the patient is 
elderly (over 70 years of age), the incidence of periph- 
eral vascular disease and arteriosclerosis of celiac 
arteries seems to be high. Therefore, preoperative 
angiographic evaluation of the celiac and gastroepiploic 
arteries is desirable, if possible. In the case of atheroscle- 
rotic ascending aorta, as described in this article, in situ 
ITA and GEA grafts are essential for performing the 
aortic no-touch technique; therefore, preoperative 
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evaluation of those arteries is necessary. Extreme obe- 
sity and previous abdominal operation may make lapa- 
rotomy and GEA takedown difficult. I do not recom- 
mend the use of the GEA at emergency operation in 
patients with hemodynamic instability because the GEA 
may constrict when hypotension persists, with massive 
vasopressor drugs after the operation. 
To avoid spasm of GEA at the perioperative and 
postoperative period, intraoperative diltiazem drip (I. 5 
to 2.5 pg/kg/min) and postoperative oral diltiazem (30 
mg 3 times daily) are routinely administered in our 
practice. Although we believe this protocol is reason- 
able, the real importance of postoperative calcium 
antagonist is still unclear. 
Finally, the GEA graft tends to be nonfunctioning 
because of competitive flow when the target coronary 
artery has subcritical stenosis at its proximal portion.20 
Therefore, the coronary artery with tight stenosis is 
favorable for GEA grafting. 
Because the GEA is usable as an in-situ graft, it is 
extremely useful in patients with a diseased ascending 
aorta because the proximal anastomosis can be elimi- 
nated. I have used the GEA in this situation with the 
aortic no-touch technique in 2 1  patients. One emer- 
gency case died of cardiac failure, but the remaining 
patients are alive and well and have not had a stroke. 
I believe the technique described in this article is 
useful in successfully treating the case with a difficult 
aorta. 
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